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INTRODUCTION
In 2004, at the request of NASA, NOAA, and the USGS, the National Research Council appointed the Committee on Earth Science and Applications from Space to develop consensus recommendations for Earth and environmental science and applications from space. In 2007, the final report was published and included a recommendation for a Deformation, Ecosystem Structure, and Dynamics of Ice (DESDynI) mission [1] . DESDynI is an L-band InSAR and laser altimeter for studying surface and ice sheet deformation for understanding natural hazards and climate, and vegetation structure for ecosystem health.
DESDynI addresses many of the scientific objectives assigned high priority by the decadal survey. It will measure the height and structure of forests, changes in carbon storage in vegetation, ice sheet deformation and dynamics, and changes in Earth's surface and the movement of magma. These measurements will improve our understanding of the affects of changing climate and land use on species habitats and atmospheric CO2. DESDynI measurements will also facilitate the monitoring of species habitats, understanding the response of ice sheets to climate change and the impact on sea level, and forecasting the likelihood of earthquakes, volcanic eruptions, and landslides.
SCIENCE
NASA hosted a workshop in July 2007 to assess the DESDynI mission, articulate the expected scientific return from DESDynI, and recommend next steps for the mission [2] . The mission will be used to improve forecasts of the likelihood of earthquakes, volcanic eruptions, and landslides, help scientists understand the effects of changing climate and land use on terrestrial carbon storage, fluxes of carbon dioxide to the atmosphere, and species habitats, and study the response of ice sheets to climate change and their impact on sea level. The primary mission objectives for DESDynI are to:
(1) Determine the likelihood of earthquakes, volcanic eruptions, and landslides.
(2) Predict the response of ice sheets to climate change and impact on sea level.
(3) Characterize the effects of changing climate and land use on species habitats and carbon budget.
And as an application: The science objectives of DESDynI for solid Earth, cryosphere, and ecosystems result in a number of requirements for measurement of solid Earth and ice sheet surface deformation, forest structure, and ice thickness and kinematics. Level 1 requirements for the mission have been drafted, and from these requirements the instrument and spacecraft requirements must be developed. A summary of the science objectives and level 1 requirements follows.
Solid Earth
DESDynI will be used to help define how we prepare for, mitigate against, and respond to major geohazards. US annualized losses from earthquakes are $4.4B/yr [3] , yet current hazard maps have an outlook of 30-50 years over hundreds of square kilometers [4] [5] , which must be understood and factored into reconstruction plans. Mangrove forest height and inferred biomass density from SRTM calibrated with Lidar (ICESat/GLAS and airborne) and field data. Mangroves contribute 11% of global total carbon export to the ocean. Mangrove forests are in danger of being lost entirely due to economic development and sea level rise. 35% of mangrove forests have disappeared and 60% could be lost by 2030 [6] .
Precise measurement of surface deformation ( Figure 1 ) coupled with models can improve assessment of risk from natural hazards, which ultimately can minimize loss of life and destruction of property. Forecasting of earthquakes, volcanoes, and landslides is greatly improved by an understanding of how the surface deforms and moves, which can be used to infer subsurface processes. Earthquake risk assessment requires knowledge of the mechanisms that control both transient and steady state aseismic fault slip.
Observation of pre-slip can aid in mitigating losses from landslides. Measurement of uplift and subsidence yields insights into the size, location, and movement of magma within volcanic chambers. Detailed crustal deformation measurements have been crucial to better understanding these natural hazards, yet only a small fraction of the world's active volcanoes and faults are instrumented. DESDynI provides the opportunity to image the deformation field associated with these events and infer the causative deformation sources at depth globally and systematically.
The first requirement of solid Earth for the DESDynI mission is to characterize the nature of deformation at plate boundaries and the implications for earthquake hazards by measuring surface deformation and surface disruption [7] . Measurement of surface deformation is used to discriminate between faults and assign potential hazard. It requires 3-dimensional human activities such as forest harvest and subsequent recovery, complicate the quantification of carbon storage and release. The resulting spatial and temporal heterogeneity of terrestrial biomass coupled with a lack of biomass surveys for most of the world make it difficult to estimate terrestrial carbon stocks and dynamics.
DESDynI will provide globally consistent and spatially resolved estimates of vegetation structure from which aboveground biomass (e.g. Figure 2 ) and ecosystem function can be derived [6, 10, 11] . These structure and biomass estimates will be used to characterize and quantify changes in terrestrial carbon sources and sinks resulting from disturbance and recovery. They will also be used to characterize forest structure for biodiversity assessments. 
INSTRUMENTS
DESDynI's instruments are an L-band radar and a multibeam Lidar. The radar instrument will be used to measure surface deformation of the solid Earth and cryosphere and will be used in other modes to study ecosystems. The Lidar will be used primarily to support the ecosystem science objectives of DESDynI, but may be used for studying ice sheet mass balance, and possibly the solid Earth. Figure 5 . Using single polarization finite baseline interferometry the average phase, somewhere in the tree, can be determined (A). A polarization such as VVVV might illuminate the ground more than the volume, as suggested by the darker gorund surface in A, drawing the phase center down to the X shown in Figure  5A . Multipolarization interferometry is a method of adding contrast between the ground and the tree volume and can be used to estimate vertical forest structure by the systematic differences in interferometric response to each polarization [16] , as suggested in Figure 5 . Each phase is weighted by how strong the return is. Some polarizations are sensitive to the ground, for example, ground bounce HH-HH and the direct return VV ( Figure 5A ), while other polarizations are sensitive to volume such as the cross polarizations HV-HV ( Figure 5B ). 
